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ABSTRACT
The purpose of this .study was to evaluate the

efficacy of instruction involving inquiry computer

simulation activities compared to direct instruction
practices in regards to the nature of science. This study

also set out to determine if these two types of
instruction had an effect on the students' attitudes

towards science. The study involved 66 seventh grade
students from a middle school in Southern California.

Students were assessed by the VNOS D+, Views of the
Nature of Science version D+, to measure their knowledge
of the nature of science. An attitude Likert survey was

used. The mean scores standard deviations were calculated.
A t-test of independent means was utilized. The results

showed that there was no significant difference between

the experimental and control groups. Students from both
groups had a general positive attitude towards science. ■

This study suggests several areas in which further
research can be done including, more exact pairing of
students, varied instructors, and a more geographically
relevant topic for students to study.
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CHAPTER ONE

PURPOSE
Introduction
A flower, a bee, a bee sting...swelling, pain,

antihistamine...inherited tendency toward allergic

reactions, genes, offspring...children looking up at the
night sky and wondering what, what if, why.... The natural

world, what could be more interesting and valuable than
where we are, what is in us, what we are surrounded by and

how it all works? Seventh graders come to class as natural

scientists. Curiosity, willingness, and enthusiasm abound

as students observe their first living cells in a
microscope. The classroom often included scenes such as
these: excitedly a student says, "Come see, come see what

I found!" "Excellent," I say, "Make sure you draw it as
accurately as possible." Another student is almost jumping

up and down and declares, "Look it's moving! Ooohhhh"

"Very cool," I answer, "Try to describe the movement on
your observation sheet." Not a moment later, a normally

very quiet student asks, "What is that inside?" "Hmmm,

there are bubbles inside it with green stuff. Where else
do you see green material in your view? How do you think
the green material got inside it?" I reply. These are the
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exclamations and interactions of young budding scientists
making new discoveries of their own. On days like "Pond

Muck Microscope Day", I spend most of my time trying to

harness their enthusiasm and focus it into a productive
learning moment. They are full of promise with the traits

of model scientists: curious, intense, diligent, sharing
and questioning. Clearly these students are destined to

have a life-long connection with science and all it has to

offer! Sadly, this will not be the result for far too
many. What happens between "Pond Muck Microscope Day" and
the students' adult lives? Somewhere between middle school

and finishing high school, this openness to learning

science diminishes for scores of students.
My seventh graders have eagerly engaged in

collaborative discussions, investigative activities,

online learning and the creation of presentation products.
Even with the trials, tribulations and distractions of

seventh grade, most keep up the pace throughout each year
with the same enthusiasm. The beginning of each year is
especially exciting as siblings I have had as students in
the past bring their smaller brothers and sisters to see

their seventh grade teacher during orientation visiting

day. It is not uncommon to fondly reminisce and discuss
their high school biology class...Did seventh grade help?
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Some are in college and a few are even on a science track
for nursing, biology, physiology and more. Of those that

return to visit, some are receptive to science, others
don't want to talk about it and a few are rather vocal

about how they hated it. This worries me as I know the

importance of being scientifically literate and the
effects on their adult lives. I realize that there is a
vast difference between students and their paths through

science. Is their personal experience the only factor?
What happened to my inquisitive, enthusiastic students

after seventh grade?
What can I do to prevent the problem of my students
developing the features of student apathy, disinterest and

distrust through the years following seventh grade? My
approach to remedy this has been to provide a base of

understanding of the nature of science. The poor attitude
and aptitude of some students may come from a

misinterpretation and a lack of understanding of science.
If students have a true understanding of the processes of

science, it is hoped that they will appreciate the

knowledge gained through science. To me, science is the
most reliable way of knowing. Even with its imperfections,

it allows us to know more about the amazing natural world
we live in with the greatest confidence. Traditionally,
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science classrooms have often taught the nature of science

in the compartmentalized context of the steps of the
"scientific method." This convenient little box of
step-wise instructions on how to do science is made

readily available to teachers. They are encouraged to use
it as the accepted model of the nature of science, and

find it embedded in textbooks, video and online resources

along with visuals, posters and activities. However, it
has long been known as an incredibly limited and linear

view of the true nature of science.

A more accurate model of the elements of the nature
of science has been outlined by the National Science

Teachers Association (NSTA 2000). These elements include
the following:

•

There is no step-by-step scientific method that
encompasses the complexity of actually doing

science.
•

Creativity is an integral factor in the

construction of science.

©

As new evidence and new analysis is conducted,
old ideas are reformulated or replaced all
together.

The nature of science is an important component of

science education. It is essential that students know how
4

we obtain our scientific information. Often students have
the false assumption that they should be confident about

scientific knowledge because someone important said it is
true. Also, it is thought of as a set of facts. This

combines to create an atmosphere of distrust and
disinterest in science.

Akerson, Abd-El-Khalik, and Lederman have worked to
determine whether educators should present the processes
of the nature of science explicitly or implicitly in the

classroom (Akerson, Abd-El-Khalik, & Lederman 2000;

Abd-El-Khalick,

2002) . Implicit instruction involves the

widely-recognized, inquiry model, known as the Five E's

(Bybee et al., 1989) in which inquiry science is the
enactment of many of the components of the nature of

science. By allowing students to be involved in the

processes of science, they will comprehend the nature of
science without direct attention to its particular
characteristics. The explicit instruction approach

includes the deliberate act of addressing the constructs
of the nature of science directly without the inquiry
component.

The National Science Education Standards, NSES,

(NRC,

1996) includes a full description of Science as Inquiry

Standards for kindergarten through twelfth grade. Inquiry
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is not only thought of as a method to teach content, it is
thought of as content in and of itself. These standards

describe how inquiry allows students to develop not only
an understanding of scientific concepts and other
criteria', it also helps develop "an appreciation of 'how
we know' what we know in science" (NRC, 1996, p. 116). The
NSES determines that the methods, processes and an

understanding of scientific inquiry should be central to
the formation of curricula in an effort to increase

scientific literacy (NRC, 1996) . Inquiry is based on

students creating questions which are then investigated by
the students. They are subsequently involved in the

collection and organization of their data, and present

their inferences to others.

The current administrative environment has created a

situation in which standardized test results are heavily
emphasized and learning for understanding is overlooked in

many educational settings. The science educators of today
often teach science as a set of facts rather than teaching
how science works. Many students are not required and

cannot perform any greater than at the recall level. It is
what is expected of them in many settings. Joseph Schwab
(1962) noted this as an "unmitigated rhetoric of

conclusions in which the current and temporary
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constructions of scientific knowledge are conveyed as
empirical, literal, and irrevocable truths" (p. 24). The

portrayal of science as an unquestionable authority

generates an unrealistic image in the minds of students
which contradicts the true nature of science.
The significance of the teacher's role is expanded in

that they should seek to provide the "appropriate

experiential evidences and to make the cultural tools and

conventions of the science community available to

students" (Driver et al., 1994, p. 7). In order for
students to comprehend science concepts as a part of

science as a whole, there should be an emphasis of the
processes involved in the development of these concepts.
The students should be aware of how these concepts are

viewed by the scientific community. With this

understanding, the students of today should be aware of
the cultural and social aspects of the scientific

community in relation to the science it accomplishes.
Due to the need for students, future consumers and

workforce members to be adept at science, it has been
stressed that the components of the nature of science
should be formally taught and viewed as subject matter in
and of itself (Crowther, Lederman, & Lederman, 2005) . Just

as science curriculum includes the structure and mechanics
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involved in genetics, science education should contain
targeted instruction on the nature of science.
Purpose of the Study

The purpose of this study was to investigate the

effects of the use of two different modes of instruction
on the understanding of the nature of science and
attitudes toward science in seventh grade students. This

involved the following research questions:
a)

Can learning of the nature of science be
enhanced through an inquiry computer simulation

in which explicit reflective discussions are

included in comparison to the traditional
methods of text use and direct instruction?

b)

Can learning the nature of science through
inquiry computer simulation positively affect
student's attitudes toward science in general?

In my classroom, when I close the door and am working
with my students, I have tried to help them gain an
understanding of science and how science works in the
anticipation that it will help in their lives today and in
the future. My objective has been to make the learning

activities interesting enough to grab their attention,
engaging enough to make them think it through, real enough
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for them to genuinely understand and contemplate,
understandable enough to place into long-term memory and
positive enough for them to carry the knowledge and

experience into the future. Through my experience in
teaching, there are several ways to approach this goal.

This study has strived to incorporate two well understood

methods that increase motivation, participation and
understanding for students. These include an inquiry model
of teaching coupled with the use of technology through

computer simulation in comparison to standard
instructional practices. I have put forward that through
the inquiry computer simulation teaching method, my

students will gain a better understanding of the nature of
science. Thus, the testable hypothesis for this study is
Ho: There is no difference in the means of student

learning of the nature of science using standard
instruction methods or inquiry computer simulation
methods. The alternative hypothesis is Hi: The mean of

student learning of the nature of science for the control
group is not equal to the mean of the experimental group.
The use of the computer simulation model was

additionally anticipated to increase the students'

positive attitude toward science. Thus, the second
testable hypothesis for this study is Ho: There is no
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difference in the means of student attitudes towards
science using standard instruction methods or inquiry

computer simulation methods. The alternative hypothesis is
Hi: The mean of student attitudes towards science for the

control group is not equal to the mean of the experimental
group. It is -expected that with the inquiry computer

simulation instruction, there will be an increase in

understanding and attitude toward science. This, in turn,
will add to the students' scientific literacy and

receptiveness toward science in the coming years.

Understanding science is important in the modern
world we live in. Seventh grade students have many science

courses in their educational futures, numerous visits to

their doctors and dentists during their lifetimes, and

scores of connections with electricians, plumbers,
mechanics, engineers and architects in their lives as
consumers. In addition, there is the increasing need for
students to make political decisions regarding science and
its uses in their community, country and world throughout
the rest of their lives. There are few places in our

society in which science has not made a significant
impact. Scientific literacy is crucial in dealing with the

issues and problems of today. Another important
consideration is the need for a workforce that is
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scientifically literate and competent in the field of

science. This necessity for a scientifically literate
workforce is increasing as technology and science

infiltrates many aspects of the modern world. In this
increasingly complicated world, what can I give to my

students? The nature of science is the foundation for an
appreciation and understanding of science. The nature of

science can also be thought of as the base on which other
science knowledge rests. By helping my students understand
the true nature of science and giving them this foundation

to build their science knowledge, I hope to impact their

scientific literacy capability now and in their future.
An element of this study was to use the inquiry model

with reflective journaling and discussion. The reflections
are conducted at key points where the inquiry activity

models each facet of the nature of science. In this
manner, students are led to discover, discuss and reflect

on each specific facet. My personal experience with the

inquiry method implementation in the past has been a very

positive one. Students are involved; they arrive at a

deeper more connected meaning of the material and have a

positive response to the lesson. Another type of
instruction that I have used that received a positive
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response and involves active learning has been computer

simulations.
Computer technology is one of the mainstays in my

collection of teaching tools. Students are always thrilled

to go to the computer lab and I have felt confident that
it is learning time well-spent. Computer assisted

instruction has shown a positive effect as an
instructional method in several studies (Bayraktar, 2002;

Bell & Trundle, 2008). The use of computer simulations, in
particular, has been shown to provide an appropriate

cognitive and constructive learning environment which
allows the students to search for meaning, understand the

concept of the uncertainty of science and allows them to
gain a personal responsibility for their learning (Akpan

2002). Computer simulations have also been found to be an
effective method of instruction for both presentation and

practice modes when used with traditional instruction

(Lee, 1999).

Popular mottos can be seen in many classrooms such
as: "Attitude is everything" and "Your attitude determines
your altitude." Negative attitudes create barriers to
learning while positive attitudes open the pathways to
learning. If you want to have a lasting impact on how

information is perceived and used throughout someone's
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life, create a positive attitude toward that information.

Successful students show a correlation of positive

attitudes in regards to their homes, their self and
towards school in general (Simpson , Koballa, Oliver, &
Crawley, 1994), An increase in effort to make science
relevant, applicable and show the importance of science in

the students' careers and daily lives are all factors to

include in constructing learning opportunities that will

improve the students' attitudes toward science (Ye et al.,
1998). It has been found that the students' classroom

experiences are both influencing and being influenced by
the students attitudes and beliefs (Adams et al., 2006).

Perhaps the most pertinent piece to this research is that
hands on experiences where students are involved in their

own learning, as opposed to a lecture based classroom,

have been shown to improve the students' attitudes and

beliefs (Redish, Saul, & Steinberg, 1998). There is also
evidence that inquiry activities create positive attitudes
and increase motivation (Wolf,& Fraser, 2008).

Limitations and Delimitations

Limitations
The limitations regarding this study included the

sample population size. The factors that had an effect on
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the size included the lack of permission given by parents,

absenteeism, a few students who opted out of the study,
students who neglected to return the parent consent form
and problems with the cross-matched analysis. The

cross-matched analysis involved using the grade average
from their sixth grade year. It was unanticipated that

approximately 17 students did not have records from their
prior schools. The study took place at the beginning of

the year and many students come from kindergarten through
sixth grade private schools. The schools are requested to
send the transcripts of the students and it may take a few

weeks to several months before they are received.
Another limitation was the vocabulary used in the
assessment instrument, the VNOS D+. Many of the students
had difficulty understanding words used such as:
X
discipline, infused, philosophical assumptions,
transcends, cultural boundaries, philosophical values, and

intellectual norms. Alternate words were posted on the
board for reference in a manner such as: infused = found

throughout. The effects of students encountering
unfamiliar words, referring to another source for
explanation and then returning to the written work is
unknown. However, the term discipline was used in question

number two and all of the other difficult terms were from
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question 10. It is possible that only question 2 and 10
are effected. Then again, the mere fact that I had asked

them to do something that they perceived as beyond their

capabilities may have additional unknown consequences.
There is also the limitation, in that the instructor

of all of the student participants was also the
researcher. The limit of one educator does not allow for

transference of the data obtained to seventh grade classes

at large. In addition, the researcher instructor is

unaware if any bias transferred to any participants or
class groups as a whole.
Finally, the length of the study may have had a

negative effect on the students learning. The study itself
was completed in fourteen days of instruction. However,
the learning was broken up by an assembly, a minimum day,
implementation of the California Healthy Kids Survey and

early to lunch rewards. These distractions created a less

than fluid situation for learning to take place. The

effect they had on the ultimate acquisition of knowledge
about the nature of science and also the consequences on

their attitudes toward the activity is unknown.

Delimitations
Inquiry alone has been determined to be an unreliable

tool for helping students to fully understand the aspects
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of the nature of science. An inquiry model incorporating
the features of the nature of science presented in the

format of computer simulation, with the additional piece

of reflective discussion and journaling has not been
investigated as yet. This mode of instruction using an

implicit inquiry model by computer simulation with the

additional component of explicit reflection is practiced
in this study.
Terms
Collaborative lecture - a type of lecture in which the

students are encouraged and take part in the lecture
through answering, giving opinions, questioning,
giving examples, etc.

Computer simulation - A computer program containing a
manipulable model of a real or theoretical system

(Thomas & Hooper 1991).
Nature of science - the values and assumptions inherent to

scientific knowledge and the development of
scientific knowledge. Science is tentative,
empirically based, subjective, partly a product of
human inference, imagination and creativity, and is
socially and culturally embedded.
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Scientific Inquiry model of instruction (also known as the
5-E model) - Involves students learning through the

use of several or all of these components:
Engagement, Exploration, Explanation, Elaboration and

Extension.

Scientific literacy - "the knowledge and understanding of
scientific concepts and processes required for

personal decision making, participation in civic and
cultural affairs, and economic productivity. It also

includes specific types of abilities" (National
Science Education Standards, 1996, p. 22).
Scientific method - principles and procedures for the
systematic pursuit of knowledge involving recognition
and formulation of a problem, the collection of data

through observation and experiment, and the
formulation and testing of hypotheses (Mirriam

Webster.com, 2009).

STEM education - education in the combined areas of
science, technology, engineering and math.

Standard instruction - instruction which involves lecture,
reading text, answering question sets and worksheets,

completing practice activities, and watching film and
videos.
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VNOS D+ - An evaluative instrument for determining the

learning of the nature of science concepts as
determined by Norman Lederman, Fouad Abd-El-Khalick,
Randy Bell, and Renee Schwartz (2002). This

particular instrument was developed for sixth grade
students.
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CHAPTER TWO

LITERATURE REVIEW

The Nature of Science
The practical goals of science education are to

enable students to enter the workforce to compete
successfully in science and technology fields, and to

ensure that they have enough understanding to deal
logically with the issues and opportunities of the
technological and scientific world they live in (NSTA,
1990). The operational processes of the scientific

community are known as the nature of science.

Understanding the nature of science (NOS) is an
indispensable component of the required scientific

literacy for the students of today. This has been noted by
the foremost leading agencies of science education such as
American Association for the Advancement of Sciences in

Science for all Americans (AAAS 1990), Benchmarks for
Literacy (AAAS 1993) and the National Academy of Science

in the National Science Education Standards (NRC 1996).
The importance of students' understanding of the nature of

science (NOS) is further demarcated when Driver and others
noted,
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Learning science involves young people entering into

a different way of thinking about and explaining the
natural world; becoming socialized to a greater or

lesser extent into the practices of the scientific
community with its particular purposes, ways of

seeing, and ways of supporting knowledge claims.

(Driver et al., 1994, p. 8)
The nature of science (NOS) can be thought of as

"science as a way of knowing" (Lederman & Abd-El-Khalick,

1998, p. 3) or the epistemology of science. When speaking

of the nature of science, it "typically refers to the
values and assumptions inherent to scientific knowledge
and the development of scientific knowledge" (Lederman &

Lederman, 2004, p. 36). The components of the contemporary

view of the nature of science (NOS) has been investigated
and distinguished by several studies (Lederman, 1992;

Abd-El-Khalick, Bell et al., 1998; Akerson, Abd-El-Khalik

et al., 2000; Abd-El-Khalick, 2002). The seven components

of the nature of science generally are:
that scientific knowledge is tentative (subj ect to

change); empirically-based (based on and/or derived
from observations of the natural world); subjective
(theory-laden); partly the product of human
inference, imagination, and creativity (involves the
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invention of explanation) ; and socially and

culturally embedded. Two additional important aspects
are the distinction between observations and
inferences, and the function of, and relationships
between scientific theories and laws.

(Abd-El-Khalick

et al., 1998, p. 418)
The defining elements of the nature of science (NOS)

have been a point of discussion among scientists,

educators, philosophers and historians. Abd-El-Khalick,
Bell, and Lederman (1998) maintain that many of these

disagreements regarding the nature of science are not
relevant to K-12 education. Research has shown that

students' learning of the elements of NOS has been., at

times, a difficult prospect. The use of explicit
instruction has shown greater effectiveness over implicit
instruction (Akerson, Abd-El-Khalik, & Lederman 2000;

Abd-El-Khalick, 2002; Khishfe, 2008; Khishfe &
Abd-El-Khalik, 2002). For example, the approach of

Meichtry's (1992) use of an implicit inquiry approach was

largely unproductive for the learning of NOS. However,
some research has revealed that explicit approaches have

also shown limited success (Carey, Evans, Honda, Jay, &

Unger, 1989). There has also been varying success in the
student learning of the different NOS categories (Akerson,
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Abd-El-Khalik, & Lederman, 2000; Brickhouse, Dagher,
Letts, & Shipman, 2000). Overall, students' views
regarding the NOS can be difficult to change (Driver et

al., 1996). Khishfe recommends extended time allotted
along with multiple exposures in order to support the

progress of students' views of NOS from that of "the great
pioneer of the constructivist theory of knowing" (von
Glaserfeld, 1990, Piaget's Contribution Section,
para. 15).

There are several instruments developed to assess

student learning of the nature of science. International
and national assessment products, such as the Program of

International Student Assessment (PISA) and the National

Assessment of Educational Progress (NAEP) Assessment
Instrument both stress nature of science. However, they
also measure multiple elements in the area of science

(Smithson, 2009; NAEP, 2005). Norman Lederman, Fouad
Abd-El-Khalick, Randy Bell, and Renee Schwartz developed
the Views of Nature of Science Questionnaire, the VNOS,

which consists of open ended questions. There are four

versions, the VNOS, versions A, B, C, and D. The first two
were improved upon after review for content validity with
the resulting VNOS C and D as the most recent expanded

versions (Lederman, Abd-El-Khalick, Bell, & Schwartz,
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2002). Each of these contained similar questions that are
focused on differing age levels with the developed content
of the nature of science. Another assessment available for

the nature of science is the Views about Science Survey
(VASS) which uses a Likert scale to determine the personal

beliefs about the nature of science, not necessarily the
students' knowledge regarding the nature of science (VASS,
2004).

Inquiry
Through inquiry, students are involved in open-ended
investigations that allow them to make the connection

between science, technology and real world problems. An
inquiry computer simulation can imitate the nature of
science by following the steps that a scientist would
carry through such as making observations, creating

questions, investigating these questions through tests and
research, producing documents to share with the scientific
community and public, discussing alternative explanations

and understanding that the results are often tentative. As

students complete an inquiry computer simulation activity,
it is important that students reflect on the nature of

science steps that, they are taking in order to get optimal
transfer of the targeted knowledge (Perkins & Salomon,
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1992). Inquiry is further enhanced with the use of teacher
questioning during the inquiry activity (Krajcik et al.,

1998). This questioning can encourage students into new

explorations and observations as students reflect on where
they are, what they are doing, how it connects and where

they can go next. The investigated inquiry computer
simulation lesson addresses this need with the inclusion
of individual teacher to student questioning, directed

reflective journaling and class discussions. It is

anticipated that the content and structure of an inquiry
computer simulation activity can transfer into the
improved understanding of the nature science for seventh
grade students and also promote positive attitudes toward
science.

The Use of Inquiry Instruction in Education
The National Science Education Standards has

determined that the methods, processes and an
understanding of what scientific inquiry is should be

central to the formation of curricula in an effort to
increase scientific literacy (National Research Council,

1996). Inquiry has as its base student driven questions

which are investigated by the students. Students are
involved in the collection and organization of their data,
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and present their inferences to others. Throughout

history, many leaders in education have expounded the need
for and use of inquiry in the classroom. Inquiry is one of
the teaching practices involved in the theory of

constructivism, in which students use their prior
knowledge base and then construct their understanding

through questioning, exploring and reflecting.

Additionally, constructivism involves social interaction
with authentic learning tasks. The first modern day

proponent of constructivism was Jean Piaget (Llewellyn,
2005). Earnst Von Glasersfeld described Piaget as the,

"the great pioneer of the constructivist theory of

knowing" (von Glasersfeld, 1990). Another proponent of
inquiry which placed the method in an educational context

was John Dewey. In the early 1900's Dewey declared,

Surely if there is any knowledge which is of most
worth it is knowledge of the ways by which anything

is entitled to be called knowledge instead of being

mere opinion or guess work or dogma. Such knowledge
never can be learned by itself, it is not

information, but a mode of intelligent practice, an
habitual disposition of mind. Only by taking and in
the making of knowledge, by transferring guess and

opinion into belief authorized by inquiry, does one
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ever get a knowledge of the method of knowing.
(Dewey, 1910, p. 125)

Joseph Schwab encouraged the implementation of

inquiry into the classroom in the 1950's and 1960's. He
was also instrumental in the development of inquiry

curriculum from the Education Committee of American
Institute of Biological Science which has made available

to educators resources from the Biological Science
Curriculum Study, BSCS. These materials are all inquiry

based. Schwab states that inquiry "poses example after
example of the process itself (and) engages the

participation of the student in the process" (Schwab,
1963, p. 47). In the mid 1960's, F. James Rutherford

expounded on the need for science concepts that are

introduced to students within the framework of how they
were discovered, and the inquiry that was involved in that
discovery.

(Rutherford 1964) Rutherford was influential in

his work with the American Association for the Advancement
of Science (AAAS) and their reform of educational

practices. In Science for All Americans, AAAS establishes

that "Teaching Should Be Consistent with the Nature of
Scientific Inquiry" (AAAS, 1992, p. 1). The emphasis on

inquiry continues with Project 2061 founded by AAAS in
1985. The purpose of Project 2061 is to help in the
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education reform effort to develop literacy in science,
math and technology for all Americans. Their efforts have

encompassed the development of Science for All Americans,
Benchmarks for Science Literacy and the Atlas of Science

Literacy. All of these publications and guidelines include
the requirement of including inquiry in the educational

opportunities for students. The goals of Project 2061
include, "Effective education for science literacy

requires that every student be frequently and actively
involved in exploring nature in ways that resemble how
scientists themselves go about their work" (p. 1). Thus,

inquiry in the science classroom can teach content and is
in itself content that should be taught in an experiential

manner.
There is a range of implementation of the inquiry

elements in a lesson or unit. Marshall Herron originally
discussed the levels of inquiry instruction in 1971 with
his work, "The Nature of Scientific Enquiry." By 2000,

Alan Colburn described these step-wise approaches as
guided, bounded and free. Each of these approaches is
incrementally progressing from high teacher directed and

modeled to increasingly student self regulated. This
self-regulation involves the students' questioning,
exploration and production. In guided inquiry the teacher
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gives the problem to the students along with the procedure
to be followed. In bounded inquiry, again the teacher

gives the question; however, students determine the
investigation of the question. In free inquiry, the

students determine the question and how to go about
determining the answers to their questions. Progressively,
the teacher becomes the facilitator, guiding through

questioning, discussing and resource manager. Recently,

Heather Banchi and Randy Bell describe similar levels as
from low-level structured to high-level open inquiry

(Banchi & Bell, 2008).
The Use of Computer Simulation Technology

As technological advances have progressed,
instructional technology is keeping pace. The computer

applications used in the classroom are easier to use for
both teachers and students than in the past. James Kulik

(2003) summarizes, "Recent evaluative studies suggest that
instructional technology is thriving in this climate and

that computers - which have transformed society in so many
ways - can also make teaching more effective" (p. 11).

With the placement of technology as an integral piece of

science education (AAAS, 2009; NRC, 1996) and the
connection between them is becoming more intricate, the
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use of technology as a learning tool is increasingly

relevant. As technologies become more sophisticated, their

links to scientific processes become stronger (Akpan,
2002). Larry Flick and Randy Bell suggest that technology
should "be introduced in the context of science content"
and that "technology should make scientific views more

accessible" (Flick & Bell, 2000, p. 2). Technology has

also been shown to correlate with increased student
satisfaction with their learning experience
(Mistier-Jackson & Songer 2000) .
Computer science simulations in particular have been

shown to be especially effective tools in allowing

students to experience practical applications and
assisting students' understanding of scientific concepts

(Akpan & Andre 2000; Coleman, 1998). Akpan and Andre
(2000) propose that simulation allows for active student

participation by creating a sense of immediacy to the
learning activity. This immediacy can be more of an
advantageous medium than that of the wait time of natural
events. It is possible to use a simulation activity

without a computer, however, computer technology allows
for potent possibilities for images and operation of model

systems (Akpan & Andre, 2000; McKinney, 1997). A computer
simulation allows educators to expose their students to
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situations that replicate real life situations in which
students can apply what they have learned (Schacter,

1999). Computer simulations in the classroom can produce
an increase in retention of information, interest and
motivation of the students. In addition, it has the
ability to develop the higher order thinking and reasoning

skills needed in science education (Gokhale, 1996; Hogle,

1996; Schacter, 1999).
A combination of an inquiry computer simulation

lesson which stresses the science processes is an
effective tool to help in student understanding of the

nature of science. Larry Flick and Randy Bell summarize

that in science education, "the inclusion of technology,
both as a tool for learning science content and processes
and as a topic of instruction in itself" (Flick & Bell,
2000, p. 1) is well documented. A computer simulation in

which the students complete the steps as though they are

truly the scientists can be the determining factor in the

true understanding of the processes involved in science.
When students work through the process of science and

reflect on what they accomplish within that framework, it
allows them to be actively involved, and allows them the
opportunity to place the new information in a context that

is otherwise unattainable. This computer simulation model
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in the inquiry framework can be a very valuable
educational tool.

Students' Attitudes Towards Science
A pivotal component of transfer of knowledge is the

student's attitude toward their learning. One key piece is

that the science taught in our schools should meet the
National Science Education Standards, Teaching Standard A,

"Select science content and adapt and design curricula to
meet the interests, knowledge, understanding, abilities,
and experiences of students" (National Research Council,

1996, p. 30). In this standard, by meeting the interests

of students will have an affect on their attitude toward

learning science and therefore, transfer knowledge.
In order to improve student's performance in science

it is imperative that we understand that their performance
can be affected by their attitude and self efficacy

(Dalgety, Coll, & Jones, 2003). The use of simulation
activities using real world data has also shown an

increase in overall students attitudes toward science

(Kraft, 2004). However, there are other studies that show

that even with the use of creative instructional
approaches, the achievements and attitudes of the students

do not always improve (George, 2000; Zacharia & Barton,
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2004). In order to promote students to have a positive

attitude towards science, educators need to choose
instructional materials that are effective in this sphere.
The relationship of student attitudes to their science

achievement has been documented to show the correlation
with their classroom experiences (Koballa & Glynn, 2007).

It has been determined that perceptions toward
science can begin developing before the age of 9 years

(Joyce & Farenga 1999). Young students of this age have a

general positive attitude toward science. However, by the
tenth grade, attitudes toward science are shown to turn

progressively negative (Alexakos & Antoine 2003) . Positive
attitudes toward science together with attitudes towards
scientists have been shown to be significantly associated

with student academic performance in secondary school and
the student's choice of a career in a science related

field (Walker & Rakow, 1985; Catsambis, 1995; Simpson &
Oliver, 1990; Weinburgh, 1995). As improved performance in

school and ultimately leading to the achievement of

students' careers in science are the outcomes of a
successful science program,, it is essential to include the

goal of promoting a positive attitude toward science in
the science curriculum. Attitudes toward science education

have also been connected with science literacy. Students
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with positive attitudes who also lack naive stereotypes
regarding science are found to be more scientifically

literate than counterparts with negative attitudes and who

possess naive stereotype perceptions (Driver, Leach,
Millar, & Scott, 1996).
The features of the classroom that have been shown to
have an effect on attitudes are the learning environment,

the addition of inquiry methods, and the use of activity

based learning. Several studies have shown that inquiry

methods of instruction have enhanced positive attitudes
toward science while traditional teaching methods have

demonstrated a move toward negative attitudes (Gibson,
1998a, 1998b; Selim & Shrigley, 1983; Shrigley, 1990).
Selim and Shrigley studied the effects of teaching through

inquiry and expository methods to fifth graders. They
found that inquiry resulted in a more positive attitude
toward science than the traditional expository lecture

approach. Another study looked at achievement scores and

compared traditional lecture based learning with inquiry
learning and found that inquiry methods increased student

achievement in the area of high school earth science
(Chang & Mao, 1998). Learning through inquiry is shown to

be advantageous as both males and females benefit from

interactions with one another (Lee, 2003). The learning
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environment has been shown to strongly correlate with

student attitudes and their corresponding achievement in
science (Oliver, 1989; Oliver & Simpson, 1988; Wolf &
Frasier, 2008). Inclusion of an activity based program

into the classroom where students are engaged and working
toward a goal has been shown to promote students' positive
attitudes toward science (Gibson, 1998b; Talton & Simpson,

1987). Together these studies show that an inquiry based
program in which students are engaged in the activities

can create students with a more positive attitude towards

science, and thus, greater achievement in science
knowledge when compared to students taught using lecture,

lab, and written practice methods.
Rani George determined that students' attitudes

toward science exhibit a drop during the middle and high
school years (George 2000). Science self concept was shown

to be the greatest factor in this decline. Friedman and
others included the components of attitude and behavior in

their work to create a framework for evaluating education
projects. Karen Hussar and colleagues expanded on the

affective features that determine students' attitudes and
behavior and outlined as a "belief that science is
sensible, useful and worthwhile," that they have the

ability to do science ("I can do it attitude")
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(Hussar et

al. 2008, p. 13), that their peers have a positive

attitude towards science, and that they are not anxious
around science activities (Friedman et al., 2008). These

affective features can be thought of as a classroom
environment in which inquiry helps meet the needs of the

students.
There are several instruments available to measure

students' attitudes toward science. These include the
Modified Attitudes towards Science Inventory (mATSI), the
Relevance of Science Education (ROSE) Student

Questionnaire, the Science Opinion Survey (SOS) and the

Scientific Attitude Inventory: A Revision (SAI II). All of
these surveys either have a Likert scale or multiple

choice items (PEAR, 2009). However the grade levels were
inappropriate or included items that were not targeted in

this study. Therefore, a twelve statement Likert
instrument, Student Attitudes Towards Science, was
developed by the researcher.
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CHAPTER THREE
METHODOLOGY

Subj ects
This study was conducted at a suburban middle school

in the inland region of southern California. The students

range from low to upper middle economic classes. The
school receives students from several neighborhoods. The

neighborhood in the vicinity of the school extending

several miles from the school and a section from another
city from more than five miles away are included in the

school population. Students from the outlying city area
are bused to the school. There are 1279 students in grades

six through eight in this middle school. The student
population demographic is 37% white, 36% Hispanic, 9%

Asian, 7% African American, and 4% Filipino. Free or
reduced lunch is provided for 36% of the students at this

site. The subjects in this study were in classes of 35
students in each class. The school has 94.5% of classes in

core academic subjects taught by NCLB compliant teachers.
Thirty-three students were involved in the inquiry

computer simulation activities, the experimental group,
and Thirty-three received direct instruction with text

support and practice activities, the control group. At the
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end of the fourteen-day lesson unit, the students were

assessed using the VNOS-D+ as a measurement of middle
school students' nature of science understanding and an

attitude survey, a Likert scale instrument developed by
the researcher to measure the students' attitudes toward

science.
Statistical analysis was completed for the sixty-six

matched paired seventh grade student participants who
completed both the VNOS D+ and the Attitudes Towards

Science Survey. The students were cross-matched according

to their grade point averages at the exit of sixth grade
in order to obtain the greatest ability to compare the
computer simulation group to the standard instruction

group. This study was carried out in during the months of

September and October of the 2009-2010 school year. This
is the time of the year in which seventh grade students
are introduced to how science works.

Procedures
Intervention
This study involved a comparison of two models of

teaching. The inquiry computer simulation, experimental

group, model was designed to enable students to develop a
more accurate understanding of the nature of science. The
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other was the standard set of experiences students receive
when they participate in a regular textbook based science
education setting.

Treatment of the Control Group
The control group was exposed to what can be termed

as the standard instruction of the nature of science.

Standard instruction included reading, taking notes,

participating in class discussions and completing
worksheets, activities and labs.
McDougal Liftell's California Edition of the Science:

Focus on Life Sciences was utilized for these students.
The materials chosen from the text were those which most

closely matched the nature of science categories. This
group read sections from this text including the Resource
Handbook sections on pages R2 through R8 and R23 through

R28, and the California pages CA20-23. Worksheets

completed included the companion worksheets to the text

such as the Standard Review pages 1, through 6. Other
worksheets used were teacher created that included topics

such as graphing, and practicing of observations,
inferences, hypotheses and predictions.
The taking of notes, participating in discussions and

completion of activities were used in addition to the text

materials. These are seen as standard practice among

38

science educators. The students took notes and discussed
the topics of observations, inferences, predictions, the
use of questions, hypotheses, data collection, analyzing,

graphing, controlled experiments, writing a procedure and
lab write-ups. Discussions included: the changing nature

of science in reference to the prior learning of Louis
Pasteur with germ theory and concept of spontaneous
generation, the invention of the microscope, laws and

theories and more. Activities such as completing, detailed

qualitative and quantitative observations of an Oreo
cookie, practice statements determining observations from

inferences with the use of observed objects, writing a

procedure for a peanut butter and jelly sandwich, a coin
toss lab practicing how to do science(completed together
as a class) and a paper airplane testing lab (completed in

pairs).

Treatment of the Experimental Group

Before the activities began, students were encouraged
to put themselves in the place of the scientists making

the observations. The design of the inquiry computer

simulation activity included two main sections (See
Appendix A). Each section had several points in which the

students reflected and discussed the specific components

of the nature of science they were immersed in. In order
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to carry out the behaviors of a scientist and support the
reflection of how they were working like a scientist in
the scientific community, students used a journal

throughout the activities. This helped the students to
focus on the targeted nature of science concept. Students

created an "Alaska" scientific journal before the

activities began.
The first section of the lesson involved the

engagement of the students through two online videos while
the students wrote down observational notes. Questions

were generated and placed on the "Question Wall." In order

to explore the polar bear circumstances more fully, the

students investigated the Alaska Wandering Wildlife

website developed by the United States Geological Survey.
This interactive website allowed the students to
investigate the components involved in radio telemetry and
polar bear tracking. Questions were generated and placed

on the "Question Wall" and journaling questions were
discussed (See Appendix B). At the end of the first

section, students analyzed authentic temperature data of
Northern Alaska and presented the information and
explanation to their scientific community, their
classmates. Temperature trends were discussed and

questions were created and posted on the "Question Wall".
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Again, reflective journaling and discussion took place
(See Appendix B).
The second section of the lesson involved students

elaborating on a chosen topic generated through the

previous activities. In small groups, the students chose
from the generated questions and completed their own

investigations using internet research (See Appendix C).

Students added to their questions and restructured them
until they had a final question (See Appendix D). After
researching, the students created presentation products

with which they used to present their findings to the

scientific community (See Appendix E). The class,
scientific community, evaluated themselves and the other
scientist groups (See Appendix F). Questions were
generated and discussed with each of the groups

presentations. A final journal reflection and discussion

was conducted (See Appendix B).

Instrumentation
The VNOS D is targeted to sixth grade students and

the VNOS D+ is the further refined product obtained from

Dr. Lederman through e-mail contact on May 21, 2009 and is
not yet published. The answers are rated using the

companion scoring rubric developed by Lederman and

colleagues and received by e-mail on June 5, 2009. The
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responses are categorized as either naive, transitional or

informed. After review of the literature, it was
determined that for this investigation, the former

assessment tool, the VNOS D+, is the appropriate tool to
measure the students' knowledge about the nature of

science most faithfully to the age level of the students
in the first month of seventh grade (See Appendix G).
In order to assess the students' attitudes towards

science, several instruments were evaluated for use in
this study. In consideration that the VNOS D+ is a rather
long descriptive assessment, there was a concern of test

or assessment fatigue. A combination of two lengthy
assessments may have caused some students to show a

decrease in effort as the two assessment sessions
proceeded. Therefore, a need for a concise, compact form

was perceived and a simple Likert scale assessment, the

eleven question Attitudes Towards Science Survey, was
developed for this study. The assessment used a 5-point

rating scale in which strongly agree was assigned 1, agree
2, undecided 3, disagree 4 and strongly disagree 5. Nine
questions were developed regarding the general value of

science and three were regarding the like or dislike of
science classes (question number 3, 9, and 12). The

assessment was pre-evaluated by students not involved in
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the study four months prior to implementation of the

lesson. No problems, confusion or errors were noted by the

pre-evaluation students. The original survey instrument
developed by the researcher was checked for content
validity by Professor Norm Lederman by e-mail on October
9, 2009 and further refined according to his

recommendations. All of the questions were developed to

receive the lowest score for a positive attitude which

values science and highest score for a negative attitude
toward science, except for question number 11 which was a
negative question. Therefore, question number 11 is scored
with the opposite value of what was recorded by the

student to agree with the other statements. In this way, a
positive attitude is still given a low score in order to
facilitate analysis (See Appendix H).

Data Analysis
The sample size used in this study had to be reduced
to 66 students. This resulted in the study having 33

students in the control group, standard instruction, and
33 students in the experimental group, inquiry computer

simulation.

Students' achievement in the area of the Nature of

Science was measured with the VNOS D+. This instrument in
conjunction with the companion rubric determined the
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students' achievement by appraising their knowledge in

these categories:

Naive: Student's response is not consistent with any

part of NOS aspect.
Transitional: Student's response is consistent with
some, but not all, parts of. NOS aspect.
Informed: Student's response is consistent and

addresses ALL parts of NOS aspect.
The VNOS D+ and companion rubric was obtained from

Norman G. Lederman on May 27, 2009 following personal

contact through e-mail. Scores were assigned to each
category of the rubric, as naive - 0, transitional - 1 and
informed - 2 (Appendix I). The total score for each

student and the total score for each question, category
and group were calculated. The correlating documents with

the VNOS D+ were used to determine the categories
involved. The instrument and data were categorized into

the areas of science as empirical, creative and
imaginative, subjective, tentative, socially and

culturally embedded. In addition the difference between
laws and theories, and the difference between and use of

observations and inferences were categorized (see Appendix
I). Mean scores for the experimental, inquiry computer,

group and the control, standard instruction, group were
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computed. An uncorrelated t-test was conducted in order to
compare the statistical significance of a probable

difference between the mean scores for these two groups.

This helped conclude whether to accept or reject the null
hypothesis (Ho: Pexpt=Pcontroi) in the area of student
learning of the nature of science.
The Attitude Towards Science Survey was analyzed by

documenting the responses for each statement on the Likert
survey. The point value given to each statement was

recorded with a high value given to answers that
correlated with a positive attitude. The recording of the

score was opposite of the survey instrument. This was done
for ease in calculation and interpretation. In this

manner, students who chose "Strongly Agree" for a
pro-science statement received 5 points and a student who
chose "Strongly Disagree" for a pro-science statement

received 1 point. The students' answers for question
number 11 received a reverse score because of the inverse

relationship of the question to a pro-science stance. Sums

of the points were determined for each student and for the
experimental and control groups. The maximum number of
points possible for each student to receive is 55 points.

Therefore, a student with 55 points shows a highly

positive attitude toward science and a score of 11 shows a
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highly negative attitude toward science. The overall mean
scores for the experimental and control groups were

determined. An uncorrelated t-test was completed in order
to determine a probable statistical significance of the
mean scores in students' attitudes towards science. This

test would determine whether to accept or reject the null
hypothesis correlated to the student's attitudes towards
science.
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CHAPTER FOUR
RESULTS

Introduction
The following research questions guided the data

analysis:
a)

Can learning of the nature of science be

enhanced through an inquiry computer simulation
in which explicit reflective discussions are

included in comparison to the traditional
methods of text use and direct instruction?

b)

Can learning the nature of science through

inquiry computer simulation positively affect
student's attitudes toward science in general?
The data analysis included determining the mean

scores and standard deviations for the control and

experimental groups. An uncorrelated t-test analyzed the

difference in means between the control group and
experimental group for the VNOS D+ and the attitude

survey. A level of statistical significance of 0.05 was

used in order to analyze the data as a two-tailed test.
Discussion of Findings
Results regarding the Nature of Science, VNOS D+. The

results of the t-test on the VNOS D+ data that determined
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the learning of the Nature of Science indicated that there
was no statistical significant difference between students

who learned through the inquiry computer simulation and

the students who learned through traditional methods as

shown in Table 1.

Table 1. Overall Results of the Nature of Science

Assessment (VNOS D+)
Test

Experimental

Control

Mean

6.09

6.67

t(d.f.)

p-value

-1.62

0.11

(64)

SD

1.31

1.57

These results show that the null hypothesis, Ho:

There is no difference in the population means of student
learning of the nature of science using standard

instruction methods or inquiry computer simulation

methods, is accepted due to lack of evidence to refute it.
Results Regarding the Attitudes towards Science
The results of the t-test for the students' attitudes

towards science indicated that there was no- statistical

significant difference between students who learned
through the inquiry computer simulation and the students
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who learned through traditional methods as shown in Table

2. See table 2 for t-test results.

Table 2. Overall Results of the Attitudes towards Science
Survey

Test

Experimental

Control

Mean

44.48

42.82

t(d.f.)

p-value

+1.24

0.22

(64)

SD

4.96

5.87

These results show that the null hypothesis, Ho:
There is no difference in the population means of student

attitudes towards science using standard instruction
methods or inquiry computer simulation methods is accepted
due to a lack of evidence to disprove it.

Effects on Understanding of the Nature of Science
The mean of the NOS D+ was slightly higher for the

control group than the mean of the experimental group,
however, this difference was determined by the t-test
results as not statistically significant (t = -1.62 with

64 degrees of freedom and a p-value of 0.11).

When seventh grade students are learning the
components of the nature of science, it is important to
the take into account the limits of the students and the
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educational setting. The literature review noted that in
the findings of Krajcik, Blumenfeld, Marx, Bass (1998) and

Fredricks and also Jeong, Songer, and Lee (2007), whose
work determined that middle school students do not always
grasp targeted concepts due to their inability to

correctly and effectively complete the steps of an
inquiry. The results of this study confirm their research.
It also confirms the results of Meichtry's (1992) implicit

inquiry and the explicit inquiry of Carey, Evans and
others (1989) in that the use of implicit and' the use
explicit inquiry do not consistently allow for learning of
NOS. As stated in the literature review, Hussar and

colleagues determined that a "belief that science is
sensible, useful and worthwhile" (2008, p. 13) has an

impact on the students' attitudes. This study confirms

this in that there is the problem with the use of an
activity that centers on polar bears and its use with

students from Southern California. This is especially of
concern during the summer month of September. It is

entirely possible that the students did not believe that
studying polar bears was "sensible, useful and worthwhile"
and that this had an effect on the learning for the
inquiry computer simulation group.
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Effects on Student Attitudes towards Science
The Students' Attitudes Towards Science survey

results showed that the mean for the experimental group
was higher than the mean for the control group (t = 1.24

with 64 degrees of freedom and a p-value of 0.22). Thus,
the null hypothesis, Ho: There is no difference in the

means of student attitudes towards science using standard
instruction methods or inquiry computer simulation

methods, was accepted.
The model of instruction used to convey new

information can make a difference in students' attitudes
towards science. However, the results of this study did
not determine a difference in attitudes towards science

and confirms the research stated in the literature review

completed by George (2000), and Zacharia and Barton
(2004). These studies conclude that with the use of
creative instructional approaches, the achievements and

attitudes of the students do not always improve. The

students in this study have just entered seventh grade.
This study is also consistent with the research of
Alexakos and Antoine (2003) in that young student of this
age, their work was with sixth graders, have a general

positive attitude towards science. The decline is seen by
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tenth grade where there is a definite progression toward a

negative attitude.
When looking at the overall mean for the students'
attitudes towards science, it is evident that both types
of instruction produced a primarily positive attitude in

these students. The means (experimental = 44.48,

control = 42.82) were above the "undecided" total score of
33. A score of 55 would correlate with "strongly agree"
for a pro-science stance and a score of 44 would correlate
with "agree" for a pro-science stance with all eleven

statements. Therefore, these students have a positive

overall attitude with whichever mode of instruction
offered in these seventh grade science classes.

Additional Findings
The means of each category of the Nature of Science

were calculated and are shown in Table 3 and 4 below.

Although they are not conducive to further statistical

analysis, a general pattern can be determined. Little

difference in the means was seen in these categories:
tentative, observation/inference, imagination/creativity,
theory/law and social/cultural . However for the category
of the empirical nature of science, it can be noted that

the control group had a greater understanding in this
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area. This may be due to the standard direct instruction,

control group, which included labs of carrying through the
experimental components of science in a very constructed,
explicit manner. This practice with the collection and
interpretation of data may have had the desired effect of

supporting the understanding of the empirical nature of
science.
The variability of the results for the different

categories of NOS could have been predicted. These results
are similar to the work of Akerson and others (2000), and

Brickhouse and colleagues (2000) as stated in the
Literature Review.

Table 3. Means of the First Four Categories of Nature of
Science

Empirical Tentative Subj ective Observation/
Inference

Experimental

0.88

1.88

0.58

0.97

Control

1.39

1.75

0.21

0.94
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Table 4. Means of the Second Four Categories of Nature of
Science
Models

Imagination/
Creativity

Theory/
Law

Social/
Cultural

Experimental

0.15

0.52

0.06

0.06

Control

0.45

0.66

0.06

0.18

Another pattern exists in the extremely low scores
for the categories of the understanding of laws and

theories in science, and the social and cultural affects

on science. These low scores may be an effect of the
contracted time frame of the overall lesson. This confirms
the difficulty in the changing of the student's view of
the NOS in the work of Driver and colleagues (1996). It is
also validated by Khishfe (2008) in that this study did

not include the expanded time and multiple exposures

needed to support students' development of their views of
NOS.
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CHAPTER FIVE
CONCLUSION
Discussion of Findings
The results of the t-test and p-values specify that

there was no statistical significance in the learning of
the nature of science when students learned through an

inquiry computer simulation lesson model or standard

instruction of lecture, discussion, labs and worksheets.
The results of the t-test that compared themeans of
the experimental and control groups on their Attitudes

Towards Science Survey inidcated that there was no
statistical significant difference in the students'
attitudes when they learned through an inquiry computer

simulation lesson model or the standard instruction of

lecture, discussion, labs and worksheets. However, the

students in both groups had a generally positive attitude
towards science in the seventh grade classes included in

the study.
The results of the means for each of the categories

of the nature of science showed the variation that is

consistent with other studies of Akerman and colleagues
(2000), and Brickhouse and colleagues (2000). The short
time-frame of the treatment may have had too small of an
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impact to show improvement in all of the categories of the
nature of science. However, the control group did show an
increase in the learning of the empirical nature of

science.
Implications
Effective teaching of the nature of science is a key

component of scientific, literacy and of preparing our

students for our society today and in the future. The need
for scientific literacy has increased with the

modernization of our country and its global connections. A

meaningful conceptual understanding of science escapes
many students today. There is a routine style of teaching
in the United States which relies on training students to

follow directions with little or no correlation with doing

real science (National Center for Education Statistics,
2001). Both the Program of International Student
Assessment (PISA) and the Trends in International
Mathematics and Science Study (TIMSS) compared the

achievement of students from the United States to those
around the world. The TIMSS scores did improve slightly

from 2003 to the most recent evaluation of 2007. However,
the average science score of students in the United States

placed 28th out of 35 other countries (Kerachsky 2008),
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and the PISA test results were below average for the 2006

assessment. There are many factors involved and analyses
for this data. However, it is obvious that we need to work

towards improved educational methods in the United States.
This study does not confirm an ideal mode of

instruction for the Nature of Science. However, with other
similar studies, it supports the requirement for further

isolation of the modes of instruction that are effective
in teaching the nature of science to students of this age
group (Driver et al., 1996). It also supports the need to

extend the instruction time with the nature of science in
order for students to grasp the concepts targeted (Khishfe
2008).

A difference in positive attitude was not seen when
using this particular inquiry computer simulation when

compared to standard instruction. Nevertheless, this study
has confirmed that students in the seventh grade have a
general positive attitude early in the year. Most arrive

to this grade level willing and ready to learn science. It
is the educator's responsibility to create experiences

that will carry this positive attitude throughout the

seventh grade year and beyond. A positive attitude towards
science can create the open doors to learning needed as
the student progresses through middle and high school.
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As we look ahead to the future with the increasing
use of technology in education, business, science and

government, it is necessary to determine the most

effective use of these tools in the classroom environment.
This study did not help in that determination.
Limitations of the Study Design

Several limitations with the design of this study may
have affected the .results. The instructor, researcher,

samples, choice of material, length of study and

disruptions may have added to the inconclusive results.
This study was completed by one instructor who was also
the researcher. This instructor and researcher combination

may have had an unidentifiable impact on the results.

During the seventeen years of teaching science, I have
gathered and polished supplemental activities and lecture

techniques that coordinate and work well with the direct
instruction of the nature of science. The inquiry computer

simulation unit was a newly constructed unit. This lack of

practice and preparation may have influenced the results,
particularly when compared to the well-practiced standard

lessons.
The choice of polar bears and ice caps as the topic
of the computer simulation model for students who are
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dealing with the temperatures of a Southern California

summer may not have been optimal. The best choice would

have been something from the backyard, neighborhood or
other close proximity to their lives. Polar bears were
chosen due to the computer learning simulation set up by
the United States Geologic Survey and the high interest of
the polar bears. It is possible that the interest level

and therefore the results of the learning were compromised
due to this disconnect.

It is also unspecified whether a longer, more
comprehensive unit of time in order to compare an inquiry
of this type to a non inquiry unit would have had

different results. The time allotted to for instruction

due to district timetables was contracted. It was not

unusual for a discussion to be cut short. A longer

timeframe would have allowed for a deeper discussion and
possibly a meaningful understanding for the students.

The reality of the classroom with all of the

distractions of assemblies, minimum days and other

requirements can interfere with learning. When delivering

continuous lessons or units that takes several weeks to
complete, disruptions have more of an effect than on short

compact lessons. This, combined with the contracted time

frame in which to teach the unit, certainly had a negative
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effect on the experimental group and may have as well for
the control group.
Suggestions for Further Research

This study, as with other studies, suggests that

further research in the area of inquiry, and computer

simulation in the teaching of the nature of science should
be carried out. This particular study left several
questions unanswered. This includes whether the results
would have been different if carried out with a larger,

more diversified set of student participants. It is
unknown whether the results would carry over to other
classrooms and educators. The variable of instructor as

researcher should be eliminated whenever possible.
Future research needs to explore the use of a pre and
post assessment. This may have liberated more reliable
data by permitting a determination of the change in

knowledge of individuals and population groups. This study
did not allow for a comparison of learning within the

study. It is unknown how much knowledge these students
arrived with.

Another design modification worth investigating would
be to duplicate the inquiry computer instruction with all
participants. However, narrow the study to the effects of
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the reflective journaling/discussions. In this way, the

control group would complete the inquiry lessons without
the reflective journaling and discussions and the

experimental group would receive inquiry instruction with
the journaling and discussions.
The location of a more relevant organism for use in

the inquiry computer simulation model could be found. An

example would be the use of the mice and chipmunks studied

as part of the Grinnell Survey and Resurvey. The data for

this can be found online and by contacting the Museum of
Vertebrate Zoology at UC Berkeley. Transects throughout

California were studied 100 years ago and again recently
for comparison. Trends and further research can be

determined by the students. This "backyard" relevance can
possibly make the difference in student learning in a

meaningful way.
Finally, allowing research that addresses the nature

of science in a similar manner over a longer period of
time. It is known that in comparison, inquiry instruction
takes longer than standard instruction. It is also known
that the nature of science is understood in a learning

pattern that takes extended time and repetition.
Therefore, research that includes similar methods as this

study, however, with the repeated inclusion into the
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school year over an extended time may yield additional

positive results.
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APPENDIX A
FIVE E INQUIRY LESSON USING COMPUTER SIMULATION
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Five E Inquiry Lesson Using Computer Simulation

Section 1 = 6 days (Engage, Explore and Explain)
Section 2 = 8 days (Elaborate and Evaluate)

Engage:
Show students video of polar bears. Students taking observational notes in their
journal.
http://news.nationalgeographic.com/news/2006/02/
0210_06021O_polar_bear_video.html
Show students video collaring and tracking of polar bears. Students taking
observational notes in their journal.
http://video.google.com/videoplay?docid=6257664215421518968&ei
=8QYJSs6aC6myqAOrOYnfDw&q=polar+bear&hl=en

Explore:
Students investigate radio telemetry and then polar bears followed with a class
discussion, http://alaska.usgs.gov/science/biology/wandering_wildlife/ During the first
view, they generate questions. The second view will involve recording observations.
The students then share their information with a partner. Then the pair share with
another pair. Finally, each group of four share their information with the class and key
concepts and questions are recorded for the class.
Students review questions and those regarding what the scientists are doing and why
will be highlighted. Teacher guides the students on what has been happening to the ice
sheet and a discussion of predictions. The students select data points and make a
graph. Each pair analyzes a month and every 5 years to plot from 1921 through the
present. http://climate.gi.alaska.edu/Climate/Location/TimeSeries/Data/brwT

Explain:
The students present their graph within a small Powerpoint. The presentations are in
order of months of the year. The class takes notes of the trends for each month and
questions formed are posted on question wall. Graphs are printed and posted around
the room in order to visually see the trends. A discussion of what will happen if
current trends continue, anomalies or natural fluctuations, and what do scientists do
with this information, what else do they need follows.
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Elaborate:
Student small groups choose research questions from the question wall. They use the
internet and library resources to investigate their question. The students, as scientists,
then create a presentation for the “Polar Bear Scientists Association” with information
gathered (poster, song/rap with lyrics, play with script, Powerpoint or Video with
script, paper or display). The criteria as stated in the Scientists’ Presentation Criteria
guidelines.
The students locate websites to gather information and are offered these possibilities:
http://www.panda.org/what_we_do/where_we_work/arctic/area/
species/polarbear/
http: //alaska. fws .gov/fisheries/mmm/p olarbear/facts. htm
http://alaska.usgs.gov/science/biology/polar_bears/
http://climate.gi.alaska.edu/ClimTrends/Change/TempChange.html
Evaluate:
Students evaluate their learning and that of other groups through during the
presentations with the use of the
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APPENDIX B
INQUIRY COMPUTER SIMULATION FOCUS QUESTIONS
AND DISCUSSIONS
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Inquiry Computer Simulation Focus Questions and Discussions
With Focus Questions/Discussions
Five E Model
Inquiry Lesson Piece

NOS Target

Focus Questions/Discussions

Engage
with videos and
Observations.

Observations/
Inferences

Highlight all of your observations
in pink and highlight all of your
Inferences in green.

Explore
with USGS
Wandering Wildlife
Website and observations

Social/cultural
embeddedness

1.

2.

3.

Explain
With presentation of
Analyzed Alaska temperature
data to their fellow class
scientists.
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Do You think that the Inuit
people (Native Americans/
Eskimos) would this science
differently because they are
from a different
Culture? How?
Our school has a culture (a
way of interacting and doing
things). If you went to school
in another country or the
middle of a city, you would
have to learn the culture of
that school in order to do
things culturally correct. Do
you think scientists have a
culture of their own?
Describe how you think a
scientific community’s culture
might have an effect on how
they do their Science.

Inquiry Lesson Piece

NOS Target

Focus Ouestions/Discussions

Elaborate
With investigation/research
of questions derived from
Prior sections of lesson.

Creativity

1.

Below is a list of what we
have done thus far in this
activity. At which point did
you use your Imagination
and were creative?
Put a circle around all of the
points that you used your
imagination and were
creative below:
a.

b.
c.

d.
e.

f.

g.
h.

i.

j.

2.
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Observed polar bears
(video #1)
Created Questions
Observed scientists
working with polar bears
(video #2)
Created Questions
Learned about polar
bears tracking with radio
telemetry (computer part I)
Learned about where
polar bears travel during
a year (computer part II)
Created Questions
Analyzed temperature
data from Northern
Alaska.
Presented analysis
results (shared) with the
scientific community.
Chose questions to
further investigate.

Do you think scientists use
their creativity and
imagination when they
do their scientist activities?

Inquiry Lesson Piece

NOS Target

Focus Questions/Discussions

Elaborate cont’
Prepare presentation
And present their research
To the class.

Difference
Between theories
And laws

1.

2.
3.
4.

5.

Evaluate
Presentations are reviewed
By group members and class
At large.

Tentativeness

1.

2.

3.

1.

Empirical

2.

3.
4.

5.
6.

69

Which of these is a theory?
Which is a materials, law?
_________A much accepted
explanation of nature that
explains the many
observations and
experiments that support it.
__________ A description of a
relationship observed in
nature such as:
force = mass x acceleration.
Do you think one comes
before the other?
Do you think one is part of
the other?
What have you found out in
our project so far, laws or
theories?
Name a law or theory you
have discovered in your
research:

As you are finding out more
in your research, is your
scientific knowledge
changing?
What would change the
conclusion/inference from
this data analysis?
Does science change it’s
knowledge? Give an
example
Where did we find the
information for our research?
What is this information
based on (imagination,
observation, storytelling)?
Did we make this information up?
How do you think the internet
Resources got their
information?
How sure are you of your
results?
What might change your
results?

APPENDIX C
STUDENT DUTIES FOR RESEARCH
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STUDENT DUTIES FOR RESEARCH

Your Job in: Research a Question?
Project People (Refer to Part E of Arctic Scientists Symposium Presentation
Criteria):
Job A: Everyone is a Scientist Researcher! = Everyone researches information
about the question!

Job B: Scientist Research Director:__________________________________________ _
It is your job to make sure everyone is on-task completing their job
correctly. Oversee and help those who need it.
*Make sure the question is answered.
Job C:

Scientist Journalist:________________________________________________
It is your job to complete the written information of the presentation in a
way that everyone can understand.

Job b: Scientist Graphic Art ist/II lustrat or:_____________________________________
It is your job to make models (drawings, 3b or other) to help everyone
relate to and understand your research.

Job E: Research Assistant;____________________________________________________
Complete any additional research to complete the project successf ully.
Assist the scientist journalist, if research is completed.
Your Question to Investigate:___________________________________________________

Presentation Plan:
Type of Presentation:___________________________________________________

Items needed:___________________________________________________________

Who will bring them?

Items to get from home:

Items to ask Ms. Ruiz for:
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STUDENT PRESENTATION CRITERIA
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STUDENT PRESENTATION CRITERIA

Arctic Scientists Symposium Presentation Criteria
Your Job/Position is:_________________________________________
PART A

Question chosen? __________________________________________________________
Hypothesis #1: __________________________________________________________

PART B

Question Revision?
Finalized Question? ________________________________________________________

PART C - How do you plan to present your information? (poster, song/rap with lyrics,
play with script, Powerpoint or Video with script, paper or display)__________________

PART b - bata/information gathered from these resources?

PART E - Presentation Checklist
Place a check next to the item when you have included each of these in your presentation:
1, bata/inf ormation gathered
______ 2, What your research shows (answer your question referring to the evidence
gathered).
______ 3. If you had more time and more resources, what other information would be
good to find out about?
4, What new questions do you have?

______ 5. bo you think your answer might change in 10 years, 20 years, 100 years,

or 10,000 years?
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STUDENT’S ROLES IN RESEARCHING

Your Job in: Research a Question?
Project People (Refer to Part E of Arctic Scientists Symposium Presentation
Criteria):
Job A: Everyone is a Scientist Researcher! = Everyone researches information
about the question!

Job B: Scientist Research Director:___________________________________________
It is your job to make sure everyone is on-task completing their job.
Oversee and help those who need it. *Make sure the question is answered.
Job C:

Scientist Journalist:________________________________________________
It is your job to complete the written information of the presentation in a
way that everyone can understand.

Job b: Scientist Graphic Artist/Illustrator:_____________________________________
It is your job to make models (drawings, 3b or other) to help everyone
relate and understand your research.
Job E; Research Assistant:____________________________________________________
Complete any additional research to complete the project successfully.
Assist the scientist journalist, if research is completed.
Your Question to Investigate:______________________________________________ _____

Presentation Plan:
Type of Presentation:._________________________________________________ __

Items needed:________________________________ _ ____________________._____

Who will bring them?

Items to get from home:

Items to ask Ms. Ruiz for:
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ARCTIC SCIENTIST PRESENTATION EVALUATIONS
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ARCTIC SCIENTIST PRESENTATION EVALUATIONS

Presentation Questions

What They Found Out.

What questions or
information could they
add?

Your Presentation:

Overall, what did you learn from the computer research activities?________________
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VIEWS OF NATURE OF SCIENCE (VNOS D +)

Name:___________________________________

Date:________

Instructions
Please answer each of the following questions. You can use all the space provided and the backs of the
pages to answer a question.
Some questions have more than one part. Please make sure you write answers for each part.
This is not a test and will not be graded. There are no “right” or “wrong” answers to the following
questions. I am only interested in your ideas relating to the following questions.

□
□
□

1.

What is science?

2. What makes science (or a scientific discipline such as physics, biology, etc.)
different from other subject/disciplines?

3. Scientists produce scientific knowledge. Do you think this knowledge may
change in.the future? Explain your answer and give an example.

4. (a) How do scientists know that dinosaurs really existed?

(b) How certain are scientists about the way dinosaurs looked?

(c) Scientists agree that about 65 millions of years ago the dinosaurs became
extinct (all died away). However, scientists disagree about what had caused
this to happen. Why do you think they disagree even though they all have the
same information?
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5.

In order to predict the weather, weather persons collect different types of
information. Often they produce computer models of different weather
patterns.
(a) Do you think weather persons are certain (sure) about the computer models
of the weather patterns?

(b) Why or why not?

6.

What is a scientific model?

7.

Scientists try to find answers to their questions by doing investigations /
experiments. Do you think that scientists use their imaginations and creativity
when they do these investigations / experiments? YES NO
a. If NO, explain why?

b. If YES, in what part(s) of their investigations (planning, experimenting,
making observations, analysis of data, interpretation, reporting results, etc.) do
you think they use their imagination and creativity?, Give examples if you can.

8.

Is there a difference between a scientific theory and a scientific law? Illustrate
your answer with an example.

9.

After scientists have developed a scientific theory (e.g., atomic theory,
evolution theory), does the theory ever change?
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10. Some claim that science is infused with social and cultural values. That is,
science reflects the social and political values, philosophical assumptions, and
intellectual norms of the culture in which it is practiced. Others claim that
science is universal. That is, science transcends national and cultural
boundaries and is not affected by social, political, and philosophical values,
and intellectual norms of the culture in which it is practiced.
•

If you believe that science reflects social and cultural values, explain why and how.
Defend your answer with examples.

Or/
• If you believe that science is universal, explain why and how. Defend your answer
with examples.
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ATTITUDES TOWARDS SCIENCE SURVEY
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Name______________________________________________________________ Period________
Attitudes Towards Science Survey

Instructions: Read each statement carefully and respond to every one. Circle the number that
coordinates with how you
You strongly agree You agree You are undecided -

STATEMENT

1. Because of science, our
future world will be
better to live in.

feel such as:
circle #1
circle #2
circle #3

You disagree You strongly disagree -

circle #4
circle #5

STRONGLY AGREE UNDECIDED DISAGREE STRONGLY
DISAGREE
AGREE

1

2

3

4

5

1

2

3

4

5

3. I like taking science
classes.

1

2

3

4

5

4. It is important to study
what science has
learned about the
natural world.

1

2 .

3

4

5

Science will help solve
problems in our world.

1

2

3

4

5

6. Taking science classes
is important

1

2

3

4

5

,7. Science can help solve
the problems of
everyday life.

I

2

3

4

5

8. All people should take
science classes when
they go to school.

1

2

3

4

5

Doing science is a
good way to get
valuable information.

1

2

3

4

5

10. People need to know
about how science
works.

1

2

3

4

5

11.1 would like to get rid
of science classes.

1

2

3

4

5

2.

5.

9.

Science is useful in
many jobs/professions.
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VNOS D+ Scoring Rubric

Students’/Teachers’ views of NOS aspects are categorized into
naive, transitional, or informed based on the following criteria:
Naive: Student’s/Teacher’s response is not consistent with any
part of NOS aspect.
Transitional: Student’s/Teacher’s response is consistent with
some, but not all, parts of NOS aspect.

Informed: Student’s/Teacher’s response is consistent and
addresses ALL parts of NOS aspect.
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NOS Aspects

1. Distinction between observations and inferences
Observations are descriptive statements about natural phenomena that are “directly”
accessible to the senses (or extensions of the senses). By contrast, inferences are
statements about phenomena that are not “directly” accessible to the senses.
2. Empirical
Scientific knowledge is, at least partially, based on and/or derived from observations
of the natural world
3. Creative and imaginative
Scientific knowledge involves human imagination and creativity. Science involves the
invention of explanations and this requires a great deal of creativity by scientists.
4. Subjective
Scientific knowledge is subjective. Scientists’ theoretical commitments, beliefs,
previous knowledge, training, experiences, and expectations actually influence their
work. Scientists’ observations (and investigations) are always motivated and guided
by, and acquire meaning in reference to questions or problems. These questions or
problems, in turn, are derived from within certain theoretical perspectives
(theory-laden).

5. Social and culture embeddedness
Science as a human enterprise is practiced in the context of a larger culture and its
practitioners (scientists) are the product of that culture. Science, it follows, affects and
is affected by the various elements and intellectual spheres of the culture in which it is
embedded. These elements include, but are not limited to, social fabric, power
structures, politics, socioeconomic factors, philosophy, and religion.
6. Tentative
Scientific knowledge is never absolute or certain. This knowledge, including “facts,”
theories, and laws, is tentative and subject to change. Scientific claims change as new
evidence, made possible through advances in theory and technology, is brought to bear
on existing theories or laws, or as old evidence is reinterpreted in the light of new
theoretical advances or shifts in the directions of established research programs

7. Distinction between scientific laws and theories
Individuals often hold a simplistic, hierarchical view of the relationship between
theories and laws whereby theories, become laws depending on the availability of
supporting evidence. However, theories and laws are different kinds of knowledge and
one can not develop or be transformed into the other. Laws are statements or
descriptions of the relationships among observable phenomena. Theories, by contrast,
are inferred explanations for observable phenomena.
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Add item description from e-mail

SCORING OF VNOS D+

*** Place a sticky note on the edge of paper where anything extra is in an
interpretation/explanation. . .1 will look at these at a later date.

Question #ln - empirical
-Response should include the following--------- for the development of knowledge:
- body of knowledge (often the science content currently studying.) ie cells
- processes: observing, experimenting, inferring, conclusions, data etc..

■ lofthese = +l
■ Both =+2
Possibly: a way of knowing about natural world = -1-2

Question #2 - empirical
—data about the natural world = +1
—experiments and or observations =+l
—scientific method = transitional -+1

■ if statement about totally objective endeavor = 0
Question #3 - tentative
—scientific knowledge/text will possibly change = +1
—new experiments/investigations/technology - new evidence = +1
—scientists view same data in a different way = +2
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Question #4 a) Observation/inference

--some data/fossils = observations = +1
—” “ “ inferred from observations that dinosaurs existed. = +2
b) Observation/inference
-scientists have some data/fossils = +1
-—” “ “ inferred from observations that dinosaurs existed. = +2

*** answer above that include use of creativity = +2
“
“
“
“
subjectivity = +2
**** answers that include % (such as 80% sure) show tentativeness = +2

c) Subjective
Subjective - different scientists bring different backgrounds & biases
-> different interpretation of data +2

Question #5 - observation/inference
a & b together)
—scientists have data/record of weather patterns = +1
Inferred from observations/pattems = +2
From observations developed a model = +2 model

Question #6 -Model

— model is not “real’Vnot an exact copy of the real thing (nature) = +1
—creation of models involves the creativity of science = +2
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Question #7 ~ imagination/creativity
a)

naive = +0

111
—creativity/imagination in planning investigation/experiment= +1
-including question forming

—creativity/imagination during experiment/investigation or reporting of
results
= +2

Question #8 -Distinction between scientific theories & laws:
—Hierarchal relationship (one before the other) = +0
—progression from one to the other (usually theory to law) = +0

— Laws are like math = +1
— Laws show relationships = +2
—Theories are big ideas (explanations) of science = +1
—Theories are inferred explanations for observations/experiments = +2

Question #9 -tentative nature of scientific theories:
—no = +0
—yes = +1

— New observations or data/observations create change = +1
— New interpretation of data create change = +2
Question #10 -social and cultural embeddedness

First bullet = science reflects social and cultural values
Yes or answer in this section = +1
Culture affects how scientists approach investigations = +2
Culture affects how scientists interpret investigations = +2
Second bullet - science is universal
Yes or answer in this section = +0
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